We investigated the processes of mineral formation in three Alfisol profiles of Sierra Nevada (southern Spain), with special emphasis on the little-studied process of mica inheritance, particularly as regards its quantitative aspects. X-ray diffraction, conventional and high resolution transmission electron microscopy, selected-area electron diffraction, and geochemical analysis of the soil solution were used, and the granulometric fractions gravel, coarse sand, fine sand, silt and clay were studied, as was unaltered parent rock. Most interesting was inheritance of dioctahedral mica (illites) with small crystallochemical changes. The transition of mica from parent rock to clay was characterized by small crystallochemical changes affecting their structural formulae, reduction of the 2M 1 polytype content, decrease in crystallite size, increase in crystal defects, and other changes in particle morphology. We propose the term 'pedocrystallochemical evolution' for the transition. The changes reverse the processes that take place in micas when rocks are formed by sedimentation, diagenesis and metamorphism. The kaolinite in the soils is a result of neoformation, and acts as the equilibrium phase within the chemical system. Reddening seems to have been caused by both inheritance and neoformation of iron oxides (haematite ϩ goethite).
Introduction
Minerals in soils result mainly from three processes, namely (i) inheritance from parent materials, (ii) neoformation by crystallization from solutions and colloidal gels, and (iii) transformation of existing minerals into new species, a process that most frequently affects phyllosilicates. Although inherited minerals, also called 'allochthonous' or 'detritic minerals', are assumed not to have been transformed mineralogically in the course of transition from parent material to soil, it is nonetheless important to investigate inherited mineral phases in order to interpret soil evolution accurately.
Micas are common in soils and most are there as a result of inheritance (Fanning et al., 1989) . Nevertheless, they can undergo a variety of changes, particularly in the soil. One such change is degradative transformation towards 2:1 swelling minerals, which involves changes in composition and loss of layer charge through mechanisms that are still poorly understood (Fanning et al., 1989) . Singer (1989) has suggested that neoformation gives rise to micas in arid soils. However, this process has not been completely elucidated. Most inherited micas are dioctahedral (Graf von Reichenbach & Rich, 1975) processes of mineral genesis in micaceous Alfisols in southern Spain, paying particular attention to inheritance of dioctahedral micas.
Materials and methods
We studied three profiles of red soils identified as Haploxeralfs and Cryoboralfs in Soil Survey Staff (1994) or as Haplic Luvisols and Chromic Luvisols in FAO-UNESCO (1988) in Sierra Nevada (Granada, Spain) ( Figure 1 ). The parent rocks consist of mica schists or micaceous quartzites, which are micaceous metamorphic rocks with green schist facies from the Veleta Nappe in the Nevado-Filábride Complex (Puga, 1976; Martín-García, 1994) . Micas in these soils were previously identified by Martín-García et al. (1997) as illites (related in structure and composition to phengitized muscovite) and paragonites.
Colour was recorded as hue, value and chroma from the Munsell colour charts. Reddening was assessed as a colour index, called here redness index: RI ϭ (25 -hue) ϫ chroma/ value, based on the redness ratio (RR) of Torrent et al. (1983) with the constant increased from 10 to 25. Micromorphology of the Bt horizons was characterized in thin sections.
Granulometric fractions were obtained from the fine earth (Ͻ 2 mm) by sieving and sedimentation (Robinson pipette) (Soil Conservation Service, 1972) . These were clay (Ͻ 2 µm), silt (2-50 µm), fine sand (50-200 µm), coarse sand (200-2000 µm) , and gravel (Ͼ 2 mm). Organic carbon content was determined by the dichromate oxidation method. Cation exchange capacity (CEC) and base saturation were measured by the ammonium acetate method (pH 7) and the sodium chloride method (Soil Conservation Service, 1972) ; pH was measured in a 1:1 soil:water suspension by weight.
Soil solution from saturation pastes was used to measure pH and concentrations of Na ϩ , K ϩ (flame ionization photometry), Ca 2ϩ , Mg 2ϩ , Fe 3ϩ and SiO 2 (atomic absorption spectrometry). © 1998 Blackwell Science Ltd, European Journal of Soil Science, 49, 253-268 Free forms such as iron, aluminium and silica in fine earth were extracted with sodium citrate-dithionite (Holgrem, 1967) and ammonium oxalate-oxalic acid (McKeague & Day, 1966) , and measured by atomic absorption spectrometry.
The mineralogical composition of all granulometric fractions was determined by X-ray diffraction (XRD) in samples of unoriented powder by using a holder filled from the side. A Philips PW 1730 diffractometer was used under the following operating conditions: radiation (Cu Kα) at 35 kV and 15 mA, scan speed 2°2θ min -1 , paper speed 2 cm/°2θ, time constant 2 s. Oriented aggregates of silt and clay fractions were prepared by sedimentation and drying on a glass slide, which was then subjected to solvation with ethylene glycol and dimethylsulfoxide (Brown & Brindley, 1980) . Mineralogical composition was determined by XRD with the intensity factors method (Klug & Alexander, 1976) , using the factors published by Delgado et al. (1982) . The types of interstratified phases in the clay and silt fractions were determined on the basis of the position of peaks in oriented aggregates using the Hendricks and Teller formula for infinite crystallites (MacEwan et al., 1961) .
Crystallochemical parameters of illites were determined. The micaceous nature of the material was confirmed by the position of the 002 and 003 peaks of illite (Srodon & Eberl, 1984) , and no appreciable amounts of illite-smectite interstratified phases were found. X-ray diffraction was used to study the b 0 parameter, from reflection 060 (µ 0.150 nm) in unoriented powder. The experimental conditions were: angular range 59-64°2θ, scan speed 0.2°2θ min -1 , paper speed 0.5 cm min -1 , time constant 0.4 s. The illite crystallinity index (IC) was measured by determining the half-peak width of the 1.0 nm mica peak on oriented clay and silt preparations (Kübler, 1968) ; IC was expressed in°2θ. Crystallite size perpendicular to 00l planes was determined using the Scherrer equation (Klug & Alexander, 1976) ; as a size standard (Ͼ 100 nm crystal size) we used macroscopic, idiomorphic crystals of phengite from pegmatitic rocks associated with granodioritic batholith from the Pedroches area (Córdoba, Spain). The percentage of 2M 1 polytypes in relation to 1M ϩ 2M 1 was determined in unoriented powder from the intensity ratios of the 0.258, 0.280 and 0.500 nm peaks (approximate spacing) (Tettenhorst & Corbató, 1993) . The abbreviations 2M and 1M refer to the numbers of layers in the unit cell (1 or 2, respectively), and the crystalline system: monoclinic (M). Subindex 1 in 2M 1 refers to the stacking angle in successive layers (60°). The working conditions for IC and polytype determination were scan speed 0.5°2θ min -1 , paper speed 0.5 cm min -1 , time constant 2 s. Quartz in the sample was used as an internal standard, and, when necessary, high purity quartz was added.
The morphological characteristics of clay-sized mica particles were studied by transmission electron microscopy (TEM) with a Zeiss M10C apparatus at 80 kV. Free iron forms were previously removed from the samples. Some samples were also used to obtain selected-area electron diffraction (SAED) patterns. Coarse clay (0.2-2 µm) and silt were examined with high resolution transmission electron microscopy (HRTEM) and SAED to determine the stacking sequence and degree of polytypism, and to measure layer spacing in mica crystals. These samples were analysed (after free iron forms had been removed) with a Philips CM-20 apparatus equipped with an EDAX detector. The working conditions for HRTEM observation were 200 kV and objective aperture 40 µm.
Results and discussion

Morphological and analytical characteristics of the soil profiles
The soils were identified (Table 1) as Haploxeralfs (SR1 and SR2) and Cryoboralf (SR4) in Soil Survey Staff (1994) or as Haplic Luvisol (SR1) and Chromic Luvisols (SR2 and SR4) in FAO-UNESCO (1988) . The horizon sequence was basically A, Bt, although in fact the sequence was more complex. Horizons Ah, Ap and AB shared features with horizon E. Profile SR4, sampled at an elevation of 1995 m, marks the upper limit of appearance of these types of soil in Sierra Nevada (Martín-García, 1994) . Soil temperature decreased, and precipitation increased, with increasing elevation (mean annual soil temperature more than 7.3°C at a depth of 50 cm).
As expected in a Mediterranean climate, periods of drought and high temperatures alternate during the year with periods of water surplus and low temperatures (Figure 2 ). The moisture regime of all three soils was xeric. The temperature regime was mesic in SR1 and SR2, and cryic (near frigid) in SR4.
The Bt horizons are sandy clay loam and sandy loam, and all other horizons have sandy loam texture (Table 3) . Clay content was greatest in horizons Bt and BCt in relation to the overlying horizons (Ah, Ap and AB). In all profiles the increase in absolute value of clay was more than 3%, and therefore the Bt and BCt horizons were technically argillic (Soil Survey Staff, 1994) . The ratios (% clay Bt)/(% clay Ah, Ap, AB, ABt) ranged from 1.1 to 2.5, indicating considerable clay illuviation. In addition, clay may have been formed by alteration in subsuperficial horizons. The textural change from A to Bt horizons was smallest in SR1, intermediate in SR4 and greatest in SR2, possibly because the SR4 and SR2 profiles had a greater water surplus because of their gentler slopes (Table 1) .
Illuvial features (cutans on the ped faces and on pore walls) were visible macroscopically and were especially notable in horizons Bt and BCt (Table 2 ). Microscopic examination of thin sections revealed ferriargillans occupying 2-3% of the volume of the Bt horizon. Most ferriargillans were limpid, although some were microlaminated (limpid clay alternating with mottled clay). There were indications of illuviation of clay and iron forms: no disruptions were evident in the cutans and most of the pores were empty. The soil (Table 3) was moderately acid to neutral (5.5-7.0), and pH tended to decrease with depth. Base saturation was less than 50% in horizon BCt1 of SR2 and in all subsuperficial horizons of SR4 but exceeded 50% in all other horizons. Cation exchange capacity was small to moderate, because the soil contained only small quantities of organic matter (except near the surface) and because of the type of clay present (essentially illitic and kaolinitic) (see next section).
The citrate-dithionite-extractable forms of Fe (Fe cd) were more abundant than oxalate-extractable forms (Fe ox) (Table 3) and Fe was more abundant than Al and Si in the citrate-dithionite extract (Al cd and Si cd): these forms were more abundant in © 1998 Blackwell Science Ltd, European Journal of Soil Science, 49, 253-268 horizon Bt than in the overlying horizons, and increased in deeper levels of the profiles. Oxalate-extractable free forms of Fe, Al and Si were concentrated in the upper horizons. Because the free forms extracted with oxalate were of either a non-crystalline or poorly crystalline nature (Borggaard, 1988) we assumed that the difference between citrate-dithionate-extractable and oxalateextractable material represented well-crystallized forms. The values of Fe cd -ox (difference between quantities of Fe cd and Fe ox) were greater in horizon Bt and increased with depth (Table 3) .
Total citrate-dithionite-extractable forms (Fe ϩ Al ϩ Si) in fine earth correlated significantly with clay content in the fine earth (r ϭ 0.93). This finding suggests that the clay fraction is the most highly enriched in citrate-dithionite-extractable free forms. The ratios of Fe Bt/A for Fe cd and Fe cd -ox (Table 3 ) indicate that iron forms in the profiles were illuviated towards deeper zones (values greater than 1). In situ precipitation might also account for this. The type of cutan (ferriargillan) indicates that iron moves with the clay. Iron oxyhydroxides are bound to clay particles partly because of the negative charge on the latter (mainly illites), which favours the nucleation of iron oxides (Boero & Franchini-Angela, 1992) . However, when we compared the ratios of free iron illuviation with those for clay (Table 3) we noted a small discrepancy in soils SR2 and SR4, attributable to the greater mobility of clay fractions with respect to iron oxides, as suggested by Bornand (1978) .
Total oxalate-extractable Fe, Al and Si were related to the organic phase of the soil and were found in greater proportion in organic-mineral horizons (Ah). Organic carbon was linearly correlated with the sum of oxalate-extracted oxides divided by the sum of citrate-dithionite-extracted oxides (r ϭ 0.79).
Mineralogical composition and outline of mineral formation
The parent rock (Table 4 ) was composed mainly of quartz and phyllosilicates (K-mica, paragonite and chlorite), with smaller proportions of felspars (albite and orthoclase) and iron oxides (haematite and goethite). According to Puga (1976) , haematite is formed during metamorphism in these rocks and goethite is a postmetamorphic mineral which fills tectonic fissures. In SR1 and SR2 the parent rock was micaceous quartzite whereas in SR4 it was a mica schist in which phyllosilicates were more common.
The minerals in the soils (Tables 5 and 6 ) were quartz, phyllosilicates (illite, paragonite, interstratified phases, chlorite and kaolinite), iron oxides (goethite and haematite), and felspars (albite and orthose). In addition, smectite was detected in the clay fraction. In gravel and sands, quartz was the most abundant mineral. In silt and clay, phyllosilicates (mainly micas) were the most common minerals. The micas consisted of illites (K-micas with some degree of phengitation) and paragonite © 1998 Blackwell Science Ltd, European Journal of Soil Science, 49, 253-268 (Na-mica). Illite predominated, with a mean illite/paragonite ratio of 12:1 in silt and 10:1 in clay (Table 6 ).
The presence of micas, chlorite, quartz, felspars and iron oxides in both the parent material and the soil suggests that they are inherited. However, goethite and haematite also occur in these soils, appearing to result from neoformation, because their percentages (Tables 4 and 5) were greater in soil than in rock and they were concentrated in the fine earth fractions.
Kaolinite in the soils also seems to have resulted from neoformation since it is absent from the parent rock but present in all granulometric fractions of the soil. Kaolinite is not characteristic of the facies of these mica schists and quartzites with moderate degrees of regional metamorphism (Puga, 1976) . The XRD diagrams (Figure 3 ) confirm this finding: the reflection of kaolinite at 0.358 nm (002) was absent from the trace diagram of the parent rock, but appeared in all the soil fraction diagrams, becoming more intense with decreasing particle size. Quantitative data on the silt and clay fractions (Table 6 and Figure 3 ) support this view since in some cases kaolinite accounted for nearly 30% of all phyllosilicates in the clay fraction. Moreover, the amount of kaolinite in clay and silt increased with increasing depth in all profiles (horizons Bt and BCt). The TEM images of kaolinite crystal morphology in silt and clay fractions provided evidence for neoformation in all horizons, showing flat, pseudohexagonal, idiomorphic particles larger than 0.5 µm, that were equidimensional in the a-b plane, with clearly defined edges. Geochemical studies of the soil solution further support our view of neoformation.
Interstratified minerals seemed to originate from the transformation of micas and were found exclusively in the silt and clay fractions (Table 6 ). They were probably a random mixture of phases that swell at 1.0 nm and others that swell at 1.4 nm. This composition was suggested by XRD signals that indicated a wide band between 1.1 and 1.2 nm, which was displaced slightly towards larger spacings by ethylene glycol solvation. The 1.1 nm:1.4 nm ratio was µ 3:1.
Smectites were not found in parent rocks but were present exclusively in the clay fraction. These minerals may have originated from neoformation, from transformation (from micas), or both. Chl, chlorite; Int, interstratified minerals; Ill, illite; Par, paragonite; Ka, kaolinite; Sm, smectite. a I/(N ϩ T) ϭ (inherited)/(neoformed ϩ transformed) ratio ϭ (chlorite ϩ illite ϩ paragonite)/(kaolinite ϩ interstratified minerals ϩ smectite).
In view of the different origins attributed to phyllosilicates (inherited ϭ chlorite, illite and paragonite; neoformed ϭ kaolinite; and transformed ϭ interstratified minerals and smectite), we calculated the mineral evolution index for the silt and clay fractions as: inherited/(neoformed ϩ transformed) (Table  6 ). Neoformed and transformed phyllosilicates in the soil were more abundant in the clay than in the silt. However, the index did not exceed 1 in any case, suggesting that inherited phases were abundant in both silt and clay. In addition, the mineral evolution index decreased with depth, showing that deep horizons contained larger amounts of neoformed or transformed phyllosilicates as a result of illuviation from higher horizons, in situ neoformation or transformation, or both.
Finally, we should consider the possibility that some of the minerals arrived as dust from the Sahara and were deposited in the region (see Yaalon & Ganor, 1973) . Barrios et al. (1987) found quartz, kaolinite, smectite, felspars, micas, calcite and iron oxides in an aeolian dust collected in Andalucía (southern Spain), all of which except calcite are present in the Alfisols there. It seems unlikely that wind-blown dust has contributed significantly to the mineral assemblage in the profiles we examined.
Mica inheritance
The values of b 0 measured in micas (Tables 4 and 7) ranged from 0.9001 to 0.9030 nm, indicating a dioctahedral structure (Griffen, 1992) . The mean values of b 0 tended to increase with decreasing particle size (rock → gravel → coarse sand → fine sand → silt → clay). However, the increments in b 0 between fractions were not constant ( Figure 4A ) and the greatest changes occurred in early stages, when rock was incorporated into the soil as gravel, and in final stages when soil particles reached colloidal sizes (clay).
According to Guidotti et al. (1989) and Smoliar-Zviagina (1993) the variations in the values of b 0 are related to mica composition. We have calculated the mean structural formulae for our micas (Table 8) using the correlation equations for b 0 and atomic content published in Martín-García et al. (1997) . The crystallochemical changes in the structural formulae of mica when the mineral is incorporated into clay from the parent material are small (Table 8) , as expected for inheritance (i.e. ∆Si IV ϭ 0.11). The decrease in the laminar charge (-0.18 ) and the increase in the degree of phengitation (ϩ 0.09) should be noted.
Observations with HRTEM of c-b sections of mica crystals from silt particles ( Figure 5 ) revealed the presence of 2M 1 , d(001) ϭ 2.0 nm, and 1M, d(001) ϭ 1.0 nm, polytypes. The two polytypes were mixed both along the c axis and laterally. The interstratification was in segregated domains ( Figure 5A ) and other more heterogeneous types ( Figure 5B) , with patchy and irregular mixing. We observed domains of relatively perfect layer stacking along the c axis and laterally, and other domains of more irregular geometry ( Figure 5B ) where layers were slightly curved or disrupted. We also observed lenticular layer separation ( Figure 5A ), caused in part by cation diffusion induced by the electron beam (Peacor, 1992) . In domains where irregular layers predominated ( Figure 5B ) some cases of spacings (2.0-3.0 nm) appeared, possibly reflecting crystalline defects, local changes in composition, or both, caused by alterations in the mica.
The relative spatial distribution of 2M 1 and 1M polytypes observed with HRTEM ( Figure 5 ) gave rise to some hypotheses regarding the 2M 1 → 1M transition. Interstratifications in segregated domains may have been caused by 2M 1 → 1M polytype changes influenced by large discontinuities in the crystal structure, favoured by 00l planes of exfoliation ( Figure  5A ). Irregular mixtures (2M 1 ϩ 1M) may have been produced by polymorphic changes arising from smaller or highly localized structural defects ( Figure 5B ).
The study of the SAED patterns (Figures 6 and 7) confirmed the presence of 2M 1 and 1M mica polytypes and suggested © 1998 Blackwell Science Ltd, European Journal of Soil Science, 49, 253-268 that a proportion of the 1M polytypes would be 1Md. With orientation parallel to the b*-c* axes ( Figure 6 ) the SAED patterns corresponded to 2M 1 polytypes, since under these conditions it is not possible to distinguish between 2M 1 and 1M when they coexist. However, the electron diffraction patterns in coarse clay ( Figure 6B ) were less well defined than the patterns for silt ( Figure 6A) , with larger, more diffuse spots that probably indicate greater stacking disorder and a larger proportion of 1M polytypes (1Md). The presence of concentric rings, indicating turbostratic stacking, in orientations parallel to the a*-b* axes (Figure 7 ) revealed the existence of 1Md stacking.
The percentage of 2M 1 polytypes in relation to 1M ϩ 2M 1 , measured with XRD (Tables 4 and 7) , showed values of 100% 2M 1 in mica from the parent rock and which gradually decreased with decreasing particle size. As with the b 0 parameter, the variations between fractions were not constant ( Figure 4B ). However, in this case the granulometric sequence showed three steps: rock to gravel, gravel to coarse sand, and silt to clay.
The TEM images of mica particles from the clay fraction showed flat crystals in the a-b plane (Figure 7) . Rounded edges and corrosion gulfs were observed (see explanation in the next section). Two types of mica particles were distinguishable: (i) particles approaching 1000 nm in mean diameter, containing larger numbers of layers, and formed by disordered stacks of several crystals ( Figure 7A ), and (ii) small particles each apparently comprising a single thin, spindle-shaped crystal, with a mean maximum diameter in the a-b plane of µ 500 nm ( Figure 7B ). The TEM images suggested some general principles of mica inheritance. The larger particles ( Figure 7A ) decreased in size through the a, b and c axes, eventually reaching the size of the smallest particles ( Figure 7B ). The fact that crystallite size (measured with XRD) in the direction perpendicular to 00l planes decreased from the silt to clay supports this hypothesis (Table 7) . Romero et al. (1992) also considered physical disintegration as clear evidence of mica weathering.
We suggest that changes in structural formulae, stacking order and morphological features in mica crystals which undergo a process of inheritance take place in parallel. This is evident when Figure 4(A,B) are examined together and the micas from the silt and the clay fractions (Tables 7 and 8 ) are compared. The changes in structural formulae probably resulted from chemical exchanges between mica crystals and the surrounding medium, favoured by the loss of stacking order, decreasing crystal size and increasing numbers of crystal defects, all of which would provide a more reactive surface.
Moreover, the crystallochemical evolution of micas in soil appears to proceed in parallel with the process of pedogenesis and the micas in the clay fraction are those which undergo the greatest transformations. Consequently, we propose the term pedocrystallochemical evolution to designate the process which take place in dioctahedral micas from the soils we analysed. Two points raised in earlier studies on micas in geological settings support our findings. 1 Similar changes to those observed by us in the numbers of atoms in the formula, but in the opposite direction, take place as the degree of diagenesis and metamorphism increases (Pearce & Clayton, 1995) . 2 The process of sedimentation → diagenesis → initial metamorphism involves the 1Md → 1M → 2M 1 sequence (Kisch, 1983 ). This sequence is basically an inverted version of the one we found in pedological settings: 2M 1 → 1M(1Md). The 1M polytype is characteristic of alteration settings and low temperature sedimentary settings, such as soils (Graf von Reichenbach & Rich, 1975; Kisch, 1983) .
Geochemical study of the soil solution
The concentration ranges (mmoles dm -3 ) of the solutes investigated in the soil solution were: Si 4ϩ (0.07-0.28), Na ϩ (0.10-0.22), K ϩ (0.06-0.73), Ca 2ϩ (0.11-2.24), Mg 2ϩ (0.07-0.77) and Fe 3ϩ (Ͻ 0.01-0.03) . The pH varied between 5.2 and 7.6. All the points representing soil solution in the SiO 2 -Al 2 O 3 -K 2 O-H 2 O system (Garrels, 1984) (Figure 8 ) fall outside the fields of stability of felspars and micas, and fall within the field of kaolinite. This could be because the mineral phases from the parent rock are not in equilibrium with the soil solution and are consequently unstable. The kaolinite is stable in this medium and arises from neoformation, which would fit in with the mineralogical composition. On the basis of stability diagrams, Torrent (1995) concluded that kaolinite was the stable mineral phase of Mediterranean soils, in which silica activities are small.
Morphological evidence of the instability of micas included the appearance of corrosion gulfs under TEM: these appeared to arise from the preferential dissolution at the edges of the particle where the structure is weakened by bond rupture and charge decompensation. We found a highly significant linear correlation between silica content in the soil solution and the percentage of illite in clay particles from fine earth (r ϭ 0.80). Variation from parent rock to clay: ∆Si IV ϭ 0.11, ∆Al IV ϭ -0.11, ∆Al VI ϭ -0.05, ∆(Fe, Mg) ϭ ϩ 0.09, ∆x IV ϭ -0.11, ∆x VI ϭ -0.07, and ∆x total ϭ -0.18. a Fe as Fe 3ϩ . b x IV , tetrahedral sheet charge; x VI , octahedral sheet charge; x total , total layer charge.
This correlation suggests that a large portion of the silica can be attributed to alterations in the mica. The coexistence in these soils of the dissolution and inheritance of mica can be explained by the changes in the pedogenic medium as a result of seasonal changes in the soil moisture (Figure 2 ). During droughts, solutes are © 1998 Blackwell Science Ltd, European Journal of Soil Science, 49, 253-268 concentrated, leading to increased potassium and silica activity and increased pH, and reach equilibrium with mica, thus favouring inheritance. When the soil is saturated with water, dissolution is favoured and kaolinite is the phase in equilibrium with the solution (Figure 8) . Also, when the soil is wet, ions move between mica crystals and the solution, whereas, on drying, the internal modifications within the mica layer are consolidated and stabilized, favouring inheritance. Singer (1989) noted that © 1998 Blackwell Science Ltd, European Journal of Soil Science, 49, 253-268 the equilibrium of illite in arid soils was favoured by seasonal increases in solute concentration in the soil solution. 2 RI and total free iron (Fe 2 O 3 cd) (r ϭ 0.77, RI dry; r ϭ 0.81, RI moist), and 3 RI and the relative content of crystalline iron forms (Fe 2 O 3 cd -ox/Fe 2 O 3 cd) (r ϭ 0.64, RI dry; r ϭ 0.73, RI moist).
Reddening also correlated significantly with clay content (r ϭ 0.61, RI dry; r ϭ 0.70, RI moist), a logical finding in view of the fact that this size fraction is associated with finely divided iron forms that are responsible for the red colour.
Another factor that can influence reddening is pH, which showed a significant inverse correlation with RI (r ϭ -0.62, RI dry and RI moist). The most acid horizons (Bt and BCt) were also the reddest. The low pH (acidity) might have caused increased iron release and reddening.
As occurs with the process of mica inheritance, the Mediterranean soil climate (alternating wet and dry seasons) favours reddening: Fe is released when the soil is wet and crystallizes to red oxides on drying in summer.
Conclusions
We have identified several important processes of mineral formation in Alfisols in the Sierra Nevada mountains of southern Spain. Most minerals are inherited from the soil's parent material. There is a moderate pedochemical weathering, with the formation of new mineral phases in all granulometric fractions. The last is most intense in the deepest horizons of the profiles (horizons Bt and BCt). Illuviation of clay with iron oxides was responsible for an argillic horizon. Reddening of the soil mass, produced by crystalline iron oxides, was also more intense with increasing depth in the profiles.
The most interesting minerals of inheritance are the dioctahedral micas illite and paragonite. Mica inheritance is accompanied by crystallochemical evolution. The clay fraction, as the most changed pedogenic fraction, contains the micas that are the most evolved in crystallochemical terms. We therefore propose the term pedocrystallochemical evolution to designate the changes that occur in mica in the soil.
The changes that take place in dioctahedral micas in Alfisols during inheritance are minor atom substitutions (increased tetrahedral silicon and increased phengitation), small reductions in layer charge, increased b 0 values, changes in stacking patterns (increased proportion of 1M polytypes relative to 2M 1 © 1998 Blackwell Science Ltd, European Journal of Soil Science, 49, [253] [254] [255] [256] [257] [258] [259] [260] [261] [262] [263] [264] [265] [266] [267] [268] polytypes), increased number of crystal defects, and reduced crystal size.
Kaolinite is the most abundant neoformed phase. Other neoformed phases in the soil are haematite and goethite.
Climate (periods of water deficit alternating with periods of water surplus) appears to have an important influence on inheritance of mica and reddening.
The processes involved in mica inheritance from the parent rock to the different size fractions of the soil could be the same sequence of events that sedimentary illites and smectites undergo in the geological processes of diagenesis and metamorphism, but in reverse order. In this context, the soil can be considered as one more link in the geological cycle of these minerals.
